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COMBUSTOR MEMBER AND METHOD FOR MAKING A COMBUSTOR 

ASSEMBLY 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to turbine engine combustors and, more 
particularly, to turbine engine combustor members including an inner surface exposed 
directly to the combustor interior and the combustion of fuel. 

[0002] During operation of a turbine engine, for example a gas turbine engine, 
ambient air flows into a compressor that discharges compressed air to a combustor of a 
combustion system. A mixture of the compressed air and fuel is ignited in the combustor 
to provide pressurized combustion products to a downstream turbine system that extracts 
energy from the combustion products for a designed operation of the engine. A variety of 
turbine engine combustion systems and components have been reported, for example in 
U.S. Patents 5,117,624 - Roberts, Jr. et al.; 5,289,687 - Kress et al.; and 5,355,668 - 
Weil et al. 

[0003] As is well known in the gas turbine engine art, temperatures as a result 
of such combustion within the interior of the combustor can be as high as about 3000° F. 
In addition, because of the presence of oxygen in a rapidly flowing fluid stream, inner 
surfaces of combustor members exposed to the combustion of fuel and compressed air 
are subject to very strenuous high temperature hot corrosion and oxidizing conditions. 
Examples of such combustor members include those referred to in the art as deflectors 
(sometimes called splash plates, baffles or heat shields), center bodies, swirl cups, and 
combustor liners and liner segments, each including a surface exposed to the combustor 
interior in which combustion occurs during operation. Because of such operating 
conditions, it has been a practice to manufacture combustor members, that include at least 
one inner surface exposed to such temperatures and conditions, from alloys having high 
temperature resistant properties and to coat such inner surfaces with a high temperature 
environmental resistant coating or coating system. Sometimes cooling air is applied to or 
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through members to reduce operating temperatures of the members. Typically, some of 
such combustor members have been coated individually and then assembled with other 
associated components into a combustor. 

[0004] One example of a combustor member of particular interest is a deflector 
5 mounted to an axially forward dome structure through which compressed air and fuel are 
introduced into the combustor. The deflector is mounted to the dome structure hot or 
interior side to provide a barrier or heat shield from hot gas radiation and convection. 
Fuel discharging to the combustion zone from a swirler cup exit or flare often films along 
deflector faces resulting in stagnation or recirculation zones at deflector outer edges. 

10 High fuel-air ratios in such recirculation zones can hold a combustion flame on the 
deflector edges. This can result in local gas temperatures sufficiently high to cause rapid 
oxidation or melting of the deflector edges as well as to provide an environment 
conducive to hot corrosion on other surfaces of the deflector. Similar results have been 
observed on another example of a combustor member called a hollow center body that 

15 acts to partially define inner and outer annular combustor portions in one form of an 
annular combustor system. 

[0005] Environmental protective coating combinations that have been applied to 
surfaces of combustor members exposed to such conditions include an inner or bond 
coating of a well known and widely reported MCrAl-type base material in which the M 

20 represents at least one of the elements Fe, Co, and Ni. Such base materials have been 
reported to include additional elements such as at least one of Y, Hf, Pt, Rh, Si, Zr, and 
others. One typical example is a NiCrAlY coating. U.S. Patent 4,897,315 - Gupta 
presents some background and examples of knowledge of MCrAl-type coating materials. 
It has been a practice to use an MCrAl-type coating as a bond coat for an outer ceramic- 

25 base thermal barrier coating (TBC) one form of which is a coating based on zirconia 
stabilized with about 3-20 weight % yttria, typically, by weight, about 92% zirconia 
stabilized with about 8% yttria. This general type of coating system is discussed in such 
U.S. Patents as 5,771,577 - Gupta et al. One manufacturing advantage of use of such 
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coating combination is that the bond coat and outer ceramic TBC can be applied by a 
commercially available method called Air Plasma Spray (APS). 

[0006] Another more costly protective coating system that has been applied to 
combustor members is an aluminide diffused with Pt to provide a PtAl inner coating. 
5 The above-described TBC then has been deposited over the PtAl coating by electron 
beam plasma vapor deposition (EB-PVD). Current deflectors are coated individually on 
at least one surface, including inner surfaces exposed to combustion of fuel, and 
sometimes on outer surfaces away from the combustor interior before assembly. 
Therefore, a PtAl/TBC type of coating has been used in combination with an advanced 
10 high temperature alloy having good high temperature oxidation resistance to provide a 
component with enhanced operating performance. 

[0007] Provision of a combustor component, for example a deflector, made of 
an improved high temperature alloy having not only good oxidation resistance but also 
excellent, improved hot corrosion resistance requires, at most, application of a high 
15 temperature environmental coating only to surfaces exposed to a combustor interior. 
This can enable assembly of the component with other members of a combustor prior to 
coating and then coating, with any appropriate masking, of the entire assembly rather 
than of individual components. Such a combination of materials and processes enhances 
operating performance of the combustor while reducing manufacturing cost. 

20 BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention, in one form, provides a turbine engine combustor 
member, disposed at a combustor interior, and including at least one surface exposed 
directly to combustion of fuel within the combustor interior. The member comprises a 
member body made of an alloy based on at least one of Fe, Co, and Ni. The alloy has an 
25 alloy high temperature operating capability within the range of about 1300 - 2300° F and 
properties comprising a combination of resistance to hot corrosion as well as to oxidation 
within such temperature range. The alloy hot corrosion resistance is defined and 
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measured by a depth of attack on an alloy surface of less than 0.01 inch, after exposure to 
about 2 parts per million sea salt in a gaseous medium, cycled in a temperature range of 
about 1500 - 1700° F for about 1000 hours in a burner test rig commonly used in the art. 
The alloy oxidation resistance is defined and measured by an alloy surface loss of less 
5 than 0.001 inch after cyclic testing for about 120 hours in an oxidizing gas stream, for 
example typical products of gas turbine fuel combustion, at a velocity of about Mach 1 
for about 20 cycles per hour from ambient to about 2150° F. The member body includes 
a member body inner first surface generally facing and exposed to the combustor interior 
and the combustion of fuel, and a member body outer second surface generally facing 
10 away from and not exposed directly to the combustor interior. 

[0009] In one embodiment, the member body includes a high temperature 
environmental resistant coating system comprising a ceramic-base thermal barrier coating 
disposed on the member body inner first surface. The member body outer second surface 
is substantially uncoated. In one form, this embodiment includes an inner or bond 
15 coating including Al disposed on the member body inner first surface and the ceramic- 
base thermal barrier coating disposed on the inner coating. 

[0010] In another embodiment, the member body substantially is uncoated and 
includes therethrough a plurality of air cooling passages extending from a member body 
inner surface to a member body outer surface. 

20 [0011] In a method form of the present invention, a plurality of the above- 

described turbine engine combustor members is provided with uncoated body surfaces 
and assembled into a combustor. Then the member body inner first surfaces of the 
assembled combustor chamber members are coated substantially concurrently with a high 
temperature environmental resistant coating using an air spray method that applies the 

25 coating to the assembled member body inner first surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0012] Figure 1 is a fragmentary sectional view along a turbine engine 
longitudinal axis of a double dome annular combustor including radially inner and outer 
fuel and compressed air supply assemblies. 

[0013] Figure 2 is an enlarged fragmentary sectional view of the radially outer 
5 fuel and compressed air supply assemblies of Figure 1 . 

[0014] Figure 3 is a fragmentary perspective of the assembly of Figure 2. 

[0015] Figure 4 is an enlarged fragmentary sectional view of a portion of Figure 
2 showing a coated combustor deflector member. 

[0016] Figure 5 is an enlarged fragmentary sectional view of a portion of Figure 

10 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The fragmentary sectional view of Figure 1 shows, generally at 10, a 
portion of one form of a gas turbine engine combustor assembly, sometimes called a 
combustor, for example of a type used in such engines designed to power aircraft. 

15 However, the present invention can be practiced with other types of combustor 
assemblies as well. Combustor 10, having a combustor interior 11, has been constructed 
to comprise an annular double dome structure disposed circumferentially about engine 
axis 12. Combustor 10 included annular outer combustor liner 14, supported by outer 
engine casing 16, and annular inner combustor liner 18, spaced radially inwardly from 

20 outer combustor liner 14 and supported by annular inner engine casing 20. Combustor 
liners 14 and 18 include inner surfaces 17 facing and exposed to combustor interior 11, 
and outer surfaces 19 not exposed to combustor interior 11. Some forms of combustor 
liners 14 and 18 are segmented; some are air cooled, with cooling air passages or holes 
therethrough. Outer liner 14 was connected to a radially outer dome structure shown 

25 generally at 21 through outer dome support 22. Similarly, inner liner 18 was connected 
to a radially inner dome structure shown generally at 23 through inner dome support 24. 
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A typical annular hollow center body shown generally at 26 was joined though supports 
22 and 24 between outer dome structure 21 and inner dome structure 23. 

[0018] Each dome structure 21 and 23 included a plurality of circumferentially 
spaced-apart carburetors shown generally at 30, carried by dome supports 22 and 24, 
5 disposed in inner and outer circumferential arrays through which compressed air and fuel 
were injected and mixed for ignition in interior 1 1 of combustor 10. In this embodiment, 
carburetors 30 for convenience are shown to be generally the same although they can 
differ by appropriate design sizing. Each carburetor 30 included a fuel injector nozzle 32 
extending from a fuel supply stem 34 which was supported by and extended generally 

10 radially inwardly from outer casing 16 and provided fuel for discharge from nozzles 32. 
Also, each carburetor 30 included a flared swirler or swirler cup 38 to which deflector 
bodies 42 were connected in this embodiment. As shown in detail in Figures 2 and 4, 
deflector bodies 42 included a body first inner surface 40 generally facing and exposed to 
combustor interior 11, and body outer second surface 41 generally facing away from and 

15 not directly exposed to combustor interior 11. Deflector bodies 42 were carried 
respectively by outer and inner liners 14 and 18 through supports 22 and 24. Pressurized 
air 44, which was compressed in an axially forward compressor (not shown), was 
provided for the combustion process in the combustor as well as for cooling of members 
of the combustor, for example by passage of flare air cooling through cooling holes 28 

20 adjacent deflector 42 in Figures 2 and 4 and cooling holes 48 in center body 26 in Figure 
1. For such combustion, air 44 was passed through swirlers 38 and is mixed with fuel 36 
from fuel nozzles 32 to provide a preselected fuel/air mixture for ignition by typical 
igniters (not shown) and combustion in domes 21 and 23. Such combustion generated 
gaseous products of combustion 46 discharged axially from combustor 10. The 

25 fragmentary sectional view of Figure 2 is an enlarged detailed view of one carburetor 30 
in outer dome structure 12, with Figure 3 providing a fragmentary sectional perspective 
view of the carburetor 30, deflector 42 and associated structure of Figure 2. 



6 



131907 



[0019] The combustor dome structure such as dome supports 22 and 24 must be 
protected from intense heat generated during the combustion process. Accordingly, 
deflectors 42 were positioned within the hot side of the dome structure including 
deflector inner first surfaces 40 facing, meaning generally directed toward, and exposed 
5 to the combustion of the fiiel/air mixture in combustor interior 1 1 to provide a barrier 
from hot gas radiation and convection. Fuel 36 discharging to the combustion zone from 
flared swirlers 38 has been recognized to form films along deflector inner first surfaces 
40 resulting in stagnation or recirculation zones at deflector first surface edge portions 
shown generally at 50. High fuel/air ratios at edge portions 50 can hold a combustion 
10 flame on edge portions 50, resulting in local temperatures high enough to result in rapid 
oxidation or melting of deflector edge portions 50, and an environment conducive to hot 
corrosion of other surfaces of deflector inner first surface 40. Similar oxidation and/or 
hot corrosion distress has been observed on other combustor members such as center 
body 26. 

15 [0020] In some previously used forms of such combustors, deflector bodies 42 

have been made of high temperature Ni base superalloys coated on inner first surface 40 
before assembly with an environmental resistant coating system, of a type as was 
described above, and then assembled as in the drawings. One example is a deflector 
body 42 made of commercially available Mar M509 alloy coated on surface 40 with a 

20 system of air plasma sprayed (APS) NiCrAlY alloy as a bond coat on surface 40 that then 
was coated with the APS TBC described. Another example of a previously used 
improved combination is a deflector body 42 made of Rene™ N5 Ni base superalloy, 
forms of which are described in more detail in U.S. Patents 5,173,255 and 6,074,602, 
coated on surface 40 with the above described PtAl/ EB-PVD TBC system before 

25 assembly. Such coating systems, that have been applied to increase member durability 
while improving engine efficiency by enabling increase in engine operating temperatures, 
generally have performed well in service. However, in certain applications, an improved 
combination of structural alloy and coating system is desirable to achieve greater 
temperature-thermal cycle time capability, for longer service intervals or higher 
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temperature operation. In addition, use of a coating system that enables assembly of the 
combustor members prior to coating can significantly reduce manufacturing costs. 

[0021] According to a form of the present invention, the body of a combustor 
member such as deflector body 42 was made of a high temperature resistant alloy having 
5 improved, excellent hot corrosion resistance along with good high temperature oxidation 
resistance. Such body was coated on inner first surface 40 with a high temperature 
environmentally resistant coating. In one example, a ceramic-base thermal barrier 
coating can be disposed on inner first surface 40. In another example, an inner coating 
including Al was disposed on inner first surface 40 and a ceramic-base thermal barrier 

10 coating was disposed as an outer coating on the inner coating including Al to provide a 
coating system. The high temperature resistant alloy has an alloy high temperature 
capability within the range of about 1300 - 2300° F along with properties comprising a 
hot corrosion resistance defined and measured by a depth of attack on an alloy surface of 
less than about 0.01 inches, after exposure to about 2 parts per million sea salt in a 

15 gaseous medium, cycled in the temperature range of about 1500 - 1700° F for about 1000 
hours in a burner rig commonly used in the art. In combination with such hot corrosion 
resistance, the alloy includes the property of oxidation resistance defined and measured 
by an alloy surface loss of less than about 0.001 inch after cyclic testing for about 120 
hours in an oxidizing gas stream, for example products of combustion of gas turbine 

20 engine fuel, at a velocity of about Mach 1 for about 20 cycles per hour from ambient 
about 2150° F. Examples of such an alloy are high Ni base superalloys, some forms of 
which have been referred to as Rene™ N-2 alloy, more fully described in co-pending 
patent application Serial Number 10/314,083 - O'Hara et al., filed December 6, 2002 and 
assigned to the assignee of the present invention. Such a Ni base alloy comprises, in 

25 weight percent, from about 1 to about 3 rhenium, from about 6 to about 9 aluminum, 
from about 4 to about 6 tantalum, from about 12.5 to about 15 chromium, from about 3 to 
about 10 cobalt, and from about 2 to about 5 tungsten, with the balance essentially Ni and 
impurities. In some forms, such alloy includes smaller amounts of elements such as 
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titanium, hafnium, silicon, molybdenum and/or niobium in amounts, in weight percent 
from 0 up to about 1 . 

[0022] Certain currently used high temperature Ni base superalloys such as the 
above identified Rene™ N-5 alloy are recognized for their outstanding strength and 
5 oxidation resistance capability above 2000° F. However, their hot corrosion resistance is 
less than desirable for certain high temperature strenuous environmental conditions such 
as are found in portions of combustor interiors. For example, in the above-described hot 
corrosion tests using a gaseous medium, such as combustion gases, including 2 parts per 
million of sea salt on specimens cycled at one hour cycles between 1500° F and 1650° F 

10 for a total of 1039 hours, Rene™ N-2 alloy specimens exhibited a total attack depth of 
less than 0.01 inch per side, at a total attack of 0.002 inch per side. The performance of 
Rene™ N-5 alloy could not be measured in this test because it was corroded completely 
through and was completely destroyed in 350 hours, indicating 0.065 inch of attack per 
side at that point in the test. The oxidation resistance of these two alloys, when tested 

15 according to the above-described Mach 1 cyclic oxidation test, were substantially the 
same, exhibiting an alloy surface loss of less than 0.001 inch. Accordingly, forms of the 
present invention providing a turbine engine combustor member include use of an alloy 
having the recited improved combination of properties for the member body. In a more 
specific form, the member body is made of the above-identified Rene™ N-2 alloy. 

20 [0023] An embodiment of the present invention, for example as described in the 

drawings, was a combustor member having a body made of an alloy including the above- 
defined properties in combination with a particular type of coating system on an inner 
first surface generally facing a combustor interior. An outer second surface generally 
facing away from and not directly exposed to the combustor interior was substantially 

25 uncoated. The coating system on the body inner first surface comprised an inner coating 
including Al and an outer ceramic-base thermal barrier coating disposed on the inner 
coating. Such a combination is shown in the enlarged fragmentary sectional view of 
Figure 4, showing a portion of Figure 2. Coated combustor deflector member shown 
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generally at 52 in Figure 4 comprised body 42 including inner first surface 40 generally 
facing and exposed to combustor interior 11, and outer second surface 41 generally 
facing away from and not directly exposed to combustor interior 1 1 . Disposed on inner 
first surface 40 was a high temperature environmental resistant coating shown generally 
at 53, for example a coating system comprising inner coating 54 and outer coating 56 
disposed on inner coating 54. Inner coating 54 was a metallic coating including AL In a 
preferred form, inner coating 54 was of the above-described MCrAl-type, one form of 
which was NiCrAlY alloy, that can be and was deposited by APS. Outer coating 56 was 
a ceramic-based thermal barrier coating, one form of which was the above-described 
zirconia base TBC that can be applied by APS. 

[0024] It has been observed that such combination of alloy body and coating 
system combination provides a combustor member, such as coated deflector 52, or a 
combustor liner such as 14 and 18 coated on liner inner surfaces 62, with greater 
performance, durability, and repair capability at a lower cost compared with a similar 
current member. Use of a combination of inner and outer coatings that can be applied by 
APS has enabled assembly of combustor members prior to subsequent substantially 
concurrent coating of inner surfaces of selected members. 

[0025] Another form of inner coating 54 for receiving an outer TBC is a two- 
layer coating shown in the fragmentary sectional view of Figure 5 showing a portion of 
coated deflector 52 of Figure 4. In that embodiment, coating 54 includes a first or inner 
layer 57 of a dense microstructure and a second or outer layer 57 providing a rough 
surface to enhance adhesion of outer TBC coating 56. In one example, the first or inner 
layer 55 has a first density in the range of about 90 -100 % and a first surface roughness 
in the range of about 50 - 200 microinches. The second or outer layer 57, disposed on 
the first or inner layer 55, has a second density in the range of about 60 - 90 % and a 
second surface roughness in the range of about 300 - 800 microinches to enhance 
adhesion of the outer TBC coating. . 
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[0026] As was mentioned above, use of a coating system that can be applied by 
APS has enabled assembly of an entire combustor assembly prior to application of a 
coating to selected surfaces of members facing a combustor interior. According to a 
method form of the present invention, a plurality of turbine engine combustor members, 
for example the members shown and described in connection with Figure 1 , was provided 
with uncoated body surfaces. Such members were assembled into a combustor prior to 
combustor assembly with associated and supporting structure such as outer and inner 
casings 16 and 20 and fuel stem 34. Surfaces selected to remain uncoated were masked 
using commercial masking materials such as plasma spray tape masking commonly used 
in the coating art. For example for coating of only deflector inner first faces 40 of the 
assembled deflector bodies, all surrounding member surfaces that can be exposed to 
coating deposition were masked. Then a coating system including two portions was 
applied to the deflector inner first surfaces 40 by an air spray method that applied each 
portion of the coating substantially concurrently in the same operation to all inner 
surfaces 40. In one example, NiCrAlY alloy was applied as an inner coating 54 to 
surface 40 by commercial APS. Thereafter, a ceramic-base TBC comprising zirconia 
stabilized with yttria was applied as an outer coating 56 to inner coating 54 by 
commercial APS. 

[0027] In other embodiments of the present invention, a turbine engine 
combustor member, for example hollow center body 26, or combustor liners 14 and/or 
18, in Figure 1, or segments of such combustor liners, includes a member body made of 
the above-defined alloy and substantially uncoated. To enable the member to have 
durability and desired cycle life while operating substantially uncoated in the strenuous 
high temperature environment existing at the interior of a combustor, the member body 
includes therethrough a plurality of air cooling passages. In such embodiments, the 
combination of the alloy body with the defined properties in combination with cooling 
passages through the member body enables the member to survive and serve in the 
environment of a turbine engine combustor interior. One example of such passages is 
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air-cooling holes 48 in Figure 1, extending from a member body outer surface 58 to 
member body inner surface 60 exposed to the combustor interior 1 1 . 

[0028] The present invention has been described for illustration in connection 
with specific examples, embodiments, structures, materials and methods. However, it 
should be understood that they are intended to be typical and representative of rather than 
in any way limiting on the scope of the present invention. Those skilled in the various 
arts involved, for example relating to turbine engines and to metallic and non-metallic 
materials and coatings, will understand that the invention is capable of variations and 
modifications without departing from the scope of the appended claims. 
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